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Despite recent advances in surgical techniques and 
perioperative care, acute type A aortic dissection
（AAD）remains a life-threatening disease with an in-
hospital mortality rate ranging from15-30％1,2）. Vari-
ous reports have noted postoperative complications as-
sociated with AAD, with hemolysis related to a kinked 
prosthetic graft 3）or jet of blood striking an inner felt 
strip4～7）. We report a case of hemolytic anemia caused 
by the inverted felt strip at the site after surgical 
treatment for aortic dissection using felt strips.
????
The patient was a 61-year-old woman, who visited 
our hospital because of sudden chest and back pain. 
She was diagnosed with a Type A intramural hemato-
ma from an AAD based on CT scanning findings and 
was hospitalized for conservative medical treatment. 
The next day, she complained of chest pain and was 
diagnosed with a Type A AAD based form CT scan 
images. The patient subsequently underwent emer-
gency ascending aorta replacement.
?????????????
The operation was performed through a median ster-
notomy. Cardiopulmonary bypass（CPB）was estab-
lished with standard retrograde perfusion through the 
femoral artery, with perfusion also used for maintain-
ing true channel circulation and an easy shift to selec-
tive antegrade cerebral perfusion（SCP）. The patient 
was cooled to approximately 28°C. Under hypothermic 
circulatory arrest, the ascending aorta was opened 
without an aortic clamp, and a SCP balloon-tipped can-
nula was inserted into the right innominate artery, left 
common carotid artery, and left subclavian artery. An 
intimal tear was found located in the ascending aorta. 
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A 61-year-old female underwent replacement of the ascending aorta for Type A aortic dissection, then 
gradually developed severe hemolytic anemia over 1 month. The cause of hemolysis was found to be me-
chanical damage of red blood cells caused by an inverted felt strip at the proximal anastomosis. A reopera-
tion for resection of the felt and repair of the proximal anastomosis successfully resolved the problem. Here, 
we report a rare case of hemolytic anemia at the site of an inverted felt strip that occurred after replace-
ment of the ascending aorta.
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ical therapy was provided for 2 weeks with sarpo-
grelate, b-blocker, and human haptoglobin. However, 
the hemolytic anemia did not improve, and a reopera-
tion was necessary, as the patient required a transfu-
sion.
???????????
Finally, Re-operation was performed two months af-
ter first operation. Before re-performing a median ster-
notomy, the right axillary artery was taped. CPB was 
established with arterial cannulation from the branch of 
the previous graft at the ascending aorta, and venous 
cannulation from the superior vena cava（SVC）and 
inferior vena cava（IVC）. Thrilling was detected from 
the proximal anastomosis. Aortic cross clamping was 
performed just prior to distal anastomosis when rectal 
temperature reached 28℃. When the graft was opened, 
we noted that the proximal anastomosis had developed 
stenosis because of inversion of the inner felt, which 
reduced the size of the internal lumen（Fig 2）. We at-
tributed hemolysis to the collision or acceleration of 
blood flow at the level of the inverted felt strip, which 
was resected. Declamping was performed under circu-
latory arrest within a few minutes and retrograde ce-
rebral perfusion was established with the SVC. The 
distal anastomosis showed no evidence of stenosis and 
The distal site of the dissected aorta was reconstruct-
ed with Gelatin-resorcin-formal（GRF）glue and the 
wall of the aorta was sutured with Prolene（5-0）. In 
addition, we reinforced the mattress sutures with inner 
and outer teflon felt strips in the same manner as de-
scribed above for the proximal site. Replacement of the 
ascending aorta was done using a 26-mm Dacron graft
（Vascutek® Gelseal™, Terumo Cardiovascular Systems 
Co., Ann Arbor, MI, USA）.
Postoperative CT scans showed no residual dissec-
tion in the thoracic and abdominal aorta. However, 
1 month later, a systolic ejection murmur of Levine II/
VI was noted at the left sternal border of the second 
intercostal space as well as dark brown urine. CT scan-
ning showed no signs of anastomotic stenosis or graft 
kinking, while an inner felt was observed projecting 
into the aortic lumen at the distal anastomosis（Fig 1）. 
Transesophageal echocardiography（TEE）showed no 
asynergy, though the abnormal projection into the aor-
tic lumen at the distal anastomosis caused blood to jet 
toward the reversed inner felt strips（Fig 1）. Hemoglo-
bin（Hb）, lactate dehydrogenase（LDH）, and total bili-
rubin（T-bil）levels 7.4 g/dl, 1893 IU/L and 2.6 mg/dl, 
respectively. An examination of peripheral blood 
showed a number of fragmented red blood cells. Our 
diagnosis was hemolytic anemia and conservative med-
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????????　Images of an anastomotic site of ascending aortic replacement.
（?）： CT scan demonstrate an inner felt projected out into the aortic lumen at the distal 
anastomosis.
（?）： TEE image demonstrate an abnormal projection into the aortic lumen at the distal 
anastomosis.
Hemolytic anemia, after aortic replacement
tions such as infection and embolization10,11）. The mech-
anism of hemolysis caused by use of Teflon felt strip is 
considered to be related to the inner felt at the proxi-
mal anastomosis that inverts to cause a jet of blood 
stream, which destroys red blood cells. In similar re-
ports,4～7）the time period for development of hemolytic 
anemia varied from 1 to 6 years and hemolysis was 
shown to originate from the proximal anastomosis. In 
addition to hemolytic anemia, cardiac failure due to felt 
stenosis or infection has been reported6～8）.
During an operative procedure for AAD, the site of 
anastomosis techniques in repair can be problematic. 
Especially in cases of AAD, complications such as hem-
orrhage and pseudoaneurysm at the site of anastomo-
sis and residual dissection including tissue at the site 
make the condition fragile. Generally, this is a tech-
nique for anastomosis with GRF glue is employed in 
the false lumen, with the inner and outer sides of the 
cut end reinforced with Teflon felt. For preventing 
these, this technique is performed to reinforce the 
anastomosis. The adventitial inversion9,10）and fabric 
neomedia11）techniques have also been reported. Soon 
after becoming available, the usefulness of GRF glue 
we directly sutured the graft. Weaning from CPB was 
relatively smooth and no thrilling was detected from 
the proximal anastomosis. CPB time was 160 minutes, 
while aortic cross clamp time was 47 minutes. The pa-
tient showed a good postoperative course and was ex-
tubated on the same day as the operation. Hb, LDH, 
and T-bil levels were 11.8 g/dl, 265 IU/L and, 0.8 mg/ 
dl, respectively, and she was discharged on postopera-
tive day 8. At a check-up examination 4 years later, no 
recurrence was observed.
??????????
Hemolytic anemia frequently develops after pros-
thetic valve replacement and a mitral valve plasty. 
However, it is a rare complication in cases with AAD. 
In this case report, we presented a rare case of hemo-
lytic anemia at the site of inverted felt strip after as-
cending aorta replacement. Several causes have been 
reported, a kinked prosthetic graft 3）, a pseudoaneu-
rysm pressed the anastomosis8）, and jet of blood strik-
ing an inner felt strip4～7）. A Teflon felt strip has been 
widely used for anastomotic reinforcement in cardio-
vascular surgery, but it reported to cause complica-
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????????　Schematic illustration and operative finding.
（?）： Intraoprative finding of the proximal anastomosis.the outer felt was intact and the inner 
felthad been inverted.
（?）： Intraoprative finding shows stenotic aortic lumen caused by the circumferentially inverted 
internal felt strip.
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??????????
We successfully performed a reoperation in a rare 
case with hemolytic anemia at the site of an inverted 
felt strip that developed after ascending aorta replace-
ment for AAD. It is important to be aware of the pos-
sibility of hemolysis at the site of anastomosis in cases 
treated with felt strips.
????????????????????
The authors declare that they have no conflict of in-
terest.
??????????
 1） Trimarchi S, Nienaber CA, Rampoldi V, et al：Con-
temporary results of surgery in acute type A aortic 
dissection：the Internantional Registry of Acute Aor-
tic Dissection experience. J Thorac Cardiovasc Surg 
???：112-122, 2005.
 2） Bachet J, Goudot B, Dreyfus GD, et al：Surgery for 
acute type A aortic dissection：The Hospital Foch 
experience（1977～1998）. Ann Thorac Surg ??：2006-
2009, 1999.
 3） Koide S, Kanebuchib K, Suzuki I, et al. Studies of he-
molysis after the ringed intraluminal graft surgery in 
the treatment of aortic dissection-Comparison with a 
case of hemolytic anemia from the kinked graft. Jpn. 
J. Artif. Organs ??：196-199, 1989.
 4） Izumi S, Tano K, Horike K, et al：Repeat surgery for 
hemolysis 6 years after replacement of the ascending 
aorta for acute aortic dissection. Jpn J Thorac Cardio-
vasc Surg ??：459-461, 2003.
 5） Shingu Y, Aoki H, Ebuoka N, et al：A surgical case 
for hemolytic anemia after ascending and total arch 
replacement. Ann Thorac Cardiovasc Surg ??：416-
418, 2005.
 6） Matsuura K, Ogino H, Minatoya K, et al：Aortic ste-
nosis caused by the felt strip used in repair for acute 
aortic dissection. Interact Cardiovasc Thorac Surg ?：
41-43, 2004.
 7） Tomiyama T, Hosokawa Y, Imura H, et al：Haemolyt-
ic anaemia due to stenosed double-reinforced grafts 
after surgical repaired aortic dissection. Interact Car-
diovasc Thorac Surg ??：525-527, 2012.
 8） Sayar H, Dietl CA, Helms A, et al：Fragmentation he-
molytic anemia 8 years after replacement of ascend-
for closing a dissection lumen was frequently report-
ed12,13）. However, some have reported14,15）that a pseu-
doaneurysm developed at the site of anastomosis after 
those procedures over longer terms.
The adventitial inversion technique is a type of am-
putation stump plasty that uses only autologous tissue, 
and does not utilize GRF glue or Teflon felt. Floten9）
reported favorable results with this technique, while 
another report noted an ingenious attempt at anasto-
mosis by applying the felt on the inner side for avoid-
ing complications such as embolization10）. In a study of 
a fabric neomedia technique, it was also reported that 
fabric inserted to the Valsalva antrum might have a 
function to inhibit expansion of dissection-weakened 
tissue11）.
In past reports4～7）, CT（including 3-D CT）, MRI, and 
TEE were performed for investigating the cause of he-
molytic anemia in cases of acute aortic dissection. In 
our case, we were unable to make a diagnosis of hemo-
lytic anemia caused by felt strip application, even 
though we performed preoperative CT and TEE.
In our case, Amputation stump plasty is our pre-
ferred method in this situation. When the previous 
graft was opened, the inner felt strip was found to be 
inverted by about 5 mm in the whole circumference, 
causing anastomotic stenosis. It was thought that it 
was caused by the fact that suture lines of a certain 
inside felt usually sewed up the upper part more. 
Based on this experience with the present case, for 
preventing felt stenosis, a mattress suture is placed 
close to the lower end of the felt so as not to reverse 
the felt end. Furthermore, a reinforced sizer was used 
at the time of ligation so as to avoid narrowing the lu-
men, resulting in a purse-string suture. Thereafter, 
similar complications have not been observed. In our 
patient, cardiac failure and infection caused by stenosis 
were not found prior to surgery. We were unable to 
make a diagnosis before surgery only on the basis of 
hemolytic anemia, which caused a delay until the reop-
eration. As for the surgical technique, sufficient care is 
required to decide the suturing position when reinforc-
ing the felt during amputation stump plasty, as the 
graft bends easily, especially at the proximal anastomo-
sis.
40 DJMS
Hemolytic anemia, after aortic replacement
sults with a new surgical technique. J Thorac Cardio-
vasc Surg ??：516-521, 1979.
 13） Hata H, Takano H, Matsumiya G, et al：Late compli-
cations of gelatin-resorcin-formalin glue in the repair 
of acute type A aortic dissection. Ann Thorac Surg 
??：1621-1626, 2007.
 14） Bachet J, Goudot B, Teodori G, et al：Surgery of type 
A acute aortic dissection with gelatin- resorcine-for-
mol biological glue：a twelve-year experience. J Car-
diovasc Surg ??：263-273, 1990.
 15） Kamada T, Nakajima T, Izumoto H, et al：Late com-
plications following surgery for type A acute aortic 
dissection using gelatin-resorcin-formaldehyde glue：
report of two cases. Surg Today ??：996-999, 2005.
ing aorta with a sutureless intraluminal graft. Am J 
Hematol ??：175-177, 2006.
 9） Floten HS, Ravichandran PS, Furnary AP, et al：Ad-
ventitial inversion technique in repair of aortic dissec-
tion. Ann Thorac Surg ??：771-772, 1995.
 10） Rylski B, Siepe M, Blanke P, et al：Adventitial inver-
sion with graft telescopic insertion for distal anasto-
mosis in acute type A aortic dissection. Ann Thorac 
Cardiovasc Surg ??：278-280, 2012.
 11） Nakajima T, Kawazoe K, Kataoka T, et al：Midterm 
results of aortic repair using a fabric neomedia and fi-
brin glue for type A acute aortic dissection. Ann Tho-
rac Surg ??：1615-1620, 2007.
 12） Guilmet D, Bachet J, Goudot B, et al：Use of biological 
glue in acute aortic dissection. Preliminary clinical re-
??（1） （2015） 41
